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QUALITY 
 

Abstract 

 

 Drying is a very basic fundamental 

method of food preservation. Moisture is 

removes from the food materials during 

drying which check the growth of various 

microorganisms as well as restricts the 

metabolic changes and ensures the longer 

shelf life without deterioration of quality. 

Sun and shade drying are most commonly 

used drying techniques and very economic, 

however, mechanical types of drying 

techniques have number of advantages at 

commercial level. Each and every drying 

technique has its own goodness and the 

maximum retention of quality is dependent 

on the nature of dried materials. Medicinal 

and aromatic plants (MAPs) are popularly 

known for its presence of specific bioactive 

compounds and demand of plant-based 

medicine are increasing exponentially 

worldwide. Quality maintenance is most 

concern in this plant group, but due to the 

limitations or lack of knowledge in post-

harvest process including drying the quality 

is not maintained as required in 

pharmaceutical industries or ayurvedic 

medicine. This chapter is focuses on the 

recent advances in the field of various drying 

techniques used in MAPs and its impact on 

conservation of bioactive compounds. 
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I. INTRODUCTION 

 

 Drying is one of the oldest and most traditional methods of food preservation known 

to humankind. It involves preserving food plants by allowing them to dry naturally under the 

sun or in naturally dry air. This process effectively reduces the moisture content in the food, 

which helps to inhibit the growth of microorganisms, thus extending the shelf life of the food 

product. The technique of sun-drying has been used for centuries in various cultures to 

preserve fruits, vegetables, and even meat, ensuring a stable food supply during times of 

abundance for consumption during scarcity. Drying, also known as dehydration, is the process 

of removing water through evaporation from a solid or liquid food materials. The main goal is 

to obtain a solid product with a significantly reduced moisture content (Berk, Z. 2018). 

Drying is the predominant and fundamental post-harvest preservation technique for medicinal 

plants due to its ability to retain the medicinal properties of plant material (Muller and Heindl, 

2006). In ancient Egypt about 4000 years ago, a scientific distinction was made between sun-

dried and shade-dried medicinal plants, based on their quality (Heeger, 1989). In modern 

medicinal plant drying, factors like production scale, technological advancements, and 

pharmaceutical quality standards are crucial considerations. Natural drying is suitable for 

small quantities, but mass production necessitates technical drying methods. To preserve 

active ingredients, lower drying temperatures are recommended, leading to longer drying 

durations. Drying constitutes a significant portion (30 to 50%) of the total costs in medicinal 

plant production (Qaas and Schiele, 2001). In the context of drying medicinal and aromatic 

plants, identifying factors contributing to high costs is critical. The energy demand for drying, 

particularly with rising fossil fuel prices, is a significant cost factor, mainly due to the high 

moisture content of the plant material. For instance, reducing the moisture content from 80% 

to a storable 11% requires removal of 4 kg of water to get 1 kg of dried material. The specific 

heat requirement for herbal drugs is twice that of grain drying, leading to considerable heating-

oil consumption, which further amplifies with purification losses. Consequently, energy 

requirements in the drying process are substantial and represent a major expense in medicinal 

plant processing. The drying performance significantly impacts product quality and value, 

making managerial decisions crucial for achieving optimal drying conditions. Strengthening 

the research in this field is much in supporting decision making to realize efficient drying 

practices. 

 

 The post-harvest procedures applied to medicinal and aromatic herbs significantly 

influence their production chain by affecting the preservation of their active components, 

ultimately impacting the quality and consumer acceptability of the final product. Among the 

earliest and most prevalent post-harvest operations for maintaining the quality of medicinal 

and aromatic plants is the drying process. Typically, traditional drying methods like shade 

drying and open sun drying are employed. However, these conventional drying approaches 

exhibit certain limitations concerning the drying of medicinal and aromatic herbs (Mukherjee 

et al., 2021). Intense solar radiation can have adverse effects on the quality of herbs, leading 

to colour deterioration and the loss of volatile and bioactive components. Open-air drying 

methods may also expose the herbs to infestation by insects, birds, rodents, and pests, as well 

as contamination from dust and dirt. These factors can hinder the achievement of required 

hygiene standards, product quality, and consumer acceptability. To address the limitations 

associated with traditional drying, the use of mechanical dryers has been proposed as an 

alternative for preserving kinds of herbs. Mechanical drying offers faster drying times and 

greater versatility on a commercial scale, making it a common technique for preservation 
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(Mukherjee et al., 2021). However, number of farmers are still following the conventional 

types of drying techniques because of its easily available and economic point of concern. 

 

 Meanwhile, medicinal and aromatic plants (MAPs) are very well known for its 

presence of peculiar bioactive compounds. At present scenario and post covid, importance 

and consumers of plant-based medicine are increasing exponentially despite tremendous 

development in allopathy science. As per report of World Health Organization (WHO), 88% 

of the world countries are projected to use herbal medicines in different forms and 80% of 

human health care medicine is herbal based in the developing countries for primary health. In 

India, plant-based medicine is recognized under the umbrella systems of medicine such as 

Ayurveda, Yoga and Naturopathy, Unani, Siddha, and Homeopathy (AYUSH). Therefore, 

ayurvedic and its allied industries are expanding potentially in worldwide, with annual 

turnover of Rs. 2,300 crores with reference to Indian herbal base medicinal industry. India 

and Brazil playing a key role in distribution of medicinal plants in world market. 

Furthermore, India is rich source of biodiversity and recognized more than 2500 species as 

medicinal plants flora. In India total exports of herbal raw drugs including extracts was 

estimated 1,34,500 MT but consumption demand being 1,95,000 MT (Chowti et al., 2018). 

This kind of gap would unfortunately create a pressure over high-value medicinal plants 

production line. The quality of produce brings down due to an unsustainable 

collection/harvesting practice adopted. Beside these, post-harvest handling also plays a vital 

role in maintaining the quantity of harvested product. Huge amount has loss due to 

mismanagement and negligence in post-harvest processing technology. As per report of FAO, 

1.3 billion metric tonnes of food accounting 33% of the total produce is loss after harvest and 

if it is continued then the loss would be cross more than 2.0 billion metric tonnes by 2030. In 

India, post-harvest loss is worth of Rs. 92651 crores and this monetary value is approximately 

40 per cent of the total produce in India. Therefore, it is much concern to focus in minimizing 

the post-harvest losses and need to be strengthen the research in this domain rather only 

attention in an enhancement of crops production and productivity. 

 

II. EQUILIBRIUM MOISTURE CONTENT 

 

 Agricultural products, especially food grains, experience changes in moisture content 

due to interactions with the environment. When ambient temperature rises and air humidity 

decreases, food grains lose moisture through evaporation, leading to drying. The moisture 

content of grains depends on the temperature and relative humidity of the environment. If the 

water vapor pressure in grains exceeds that of the air, the water in grains vaporizes and 

diffuses into the atmosphere. Conversely, if the vapor pressure in grains is lower, the grains 

absorb moisture from the atmosphere. This property of gaining or losing moisture in response 

to atmospheric conditions is known as hygroscopicity (Sahay and Singh, 1996). The 

equilibrium moisture content (EMC) of a hygroscopic material in contact with air is the point 

at which the material neither gains nor loses moisture. The EMC value is influenced by the 

material's properties, as well as the temperature and relative humidity of the surrounding air. 

The equilibrium moisture content of a grain refers to the moisture level achieved when the 

grain reaches a balance with the surrounding air at specific atmospheric temperature and 

relative humidity conditions. At EMC, the grain's moisture is in equilibrium with the 

environment. (Sahay and Singh, 1996). 
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III.  EFFECT OF DRYING TEMPERATURE ON PRODUCT QUALITY 

 

 The drying process, including factors such as drying method, air velocity, and 

temperature, significantly impacts the quantity and quality of active constituents found in 

medicinal and aromatic plants (MAPs). Despite advancements in technology, selecting the 

appropriate drying temperature remains a critical economic and ecological consideration in 

the drying of medicinal plants. Discrepancies between recommended values in literature and 

actual practices underscore the pressing requirement for further research in this area. 

Nevertheless, it appears that drying air temperatures ranging from 50 to 60°C is feasible for 

effectively drying a wide variety of MAPs in large quantities (Rocha et al., 2011). 

 

Crop drying is a vital process aimed at enhancing the longevity of agricultural materials 

while preserving their integrity to the greatest extent possible. This preservation technique 

entails careful evaluation of the drying methodologies to gauge their effects on crucial 

aspects such as taste, color, texture, nutritional composition, and other sensory attributes of 

the food. Striking a harmonious equilibrium between product quality and energy 

consumption is imperative in the drying procedure, as both factors wield substantial 

influence on the overall efficiency and effectiveness of the process. Hence, scientific 

investigation and optimization are essential to achieve the desired outcome in crop drying, 

ensuring prolonged shelf life and optimal organoleptic characteristics of the materials 

(Pathare and Roskilly, 2016). 

 

 However, there exist conflicting evidences on quality acceptability of hybrid systems 

dried agricultural products. In the study conducted by Hussein et al., 2016, an investigation 

was carried out to assess the functional and sensory attributes of dried tomatoes, obtained 

through three different drying methods: hybrid solar drying, direct solar drying, and open sun 

drying. These drying techniques were compared to commercially available dried tomatoes 

from the market. The researchers evaluated several parameters, including wettability, water 

absorption index, solubility index, bulk density, and organoleptic properties. The results of the 

study revealed that the tomatoes dried using the hybrid solar dryer exhibited superior 

performance in terms of the evaluated parameters, suggesting its potential as the most 

effective method among the three drying techniques. This scientific investigation provides 

valuable insights into the optimization of drying processes, highlighting the advantages of 

employing a hybrid solar dryer for improved functional and sensory qualities of the dried 

product not only in normal crops. 

 

  In the study conducted by Pati et al., 2015 the organoleptic assessment of herbal mint 

revealed favourable attributes concerning colour, door, and taste. Concurrently, the utilization 

of recovered heat from biomass exhibited promising potential as an efficient thermal 

energy source for the drying process. Moreover, the examined physiochemical properties, 

including total ash, acid, insoluble ash, water, and alcohol soluble extractives, were found 

to comply with the established quality standards set by the pharmaceutical industries. The 

impact of drying air temperature on essential oil content was investigated by Lemos et al. 

(2008). Their findings indicated that varying drying temperatures did not significantly affect 

the essential oil content extracted from the dried plant. Nonetheless, the drying process led 

to a reduction in the essential oil content compared to the fresh plant. As many MAPs 

species are used as decoction, colour and odour are an essential quality criterion because it 

is directly apparent to consumers. For colour measurement, the CIELAB system is 



  Futuristic Trends in Agriculture Engineering & Food Sciences 

e-ISBN: 978-93-5747-615-7 

IIP Series, Volume 3, Book 9, Part 3,Chapter 6  

DRYING TECHNIQUES IN MEDICINAL AND AROMATIC 

PLANTS AND ITS IMPACT ON QUALITY 

 

Copyright © 2024 Authors                                                                                                                       Page | 194 

frequently applied using lightness L*, chroma C* and hue h as parameters (Pank et al., 

1999). Harbourne et al. (2009) conducted an evaluation of the impact of drying at two 

different temperatures, 30°C and 70°C, on the chemical composition of meadowsweet 

(Filipendula ulmaria) and willow (Salix alba). The said two plants are good source of 

salicylates, which is very similar to aspirin. Drying at 70°C led to reduced flavonoid content 

and resulted in extracts with a reddish hue, despite the advantage of shorter drying times. The 

observed decline in flavonoids and simultaneous increase in condensed tannins may be 

attributed to polymerization processes occurring during high-temperature drying. On the 

other hand, drying both herbs at 30°C yielded extracts with elevated levels of phenols and 

active constituents, while maintaining a desirable colour suitable for incorporation into a 

beverage with potential anti-inflammatory properties. A drying investigation was done in 

chamomile (Chamomilla recutita) with fixed layer at 80°C on the yield and chemical 

composition of its essential oil and revealed that drying process led to a decrease in both the 

essential oil content and chemical composition (Borsato et al., 2009). 

 

To enhance drying capacity, it is imperative to select an optimal drying temperature 

that maximizes efficiency without compromising product quality. The upper temperature 

limits for drying are primarily determined by the chemical composition of the active 

constituents present in the MAPs species under consideration. Recommended maximum 

temperatures are 100°C for glycoside species, 65°C for mucilage species, and 35 to 45°C for 

essential-oil species, as suggested by Maltry et al., 1975. However, it should be noted that due 

to the significant heterogeneity among MAPs species, these global guidelines provide only a 

general indication, and specific drying conditions may need to be tailored to individual plant 

species to avoid any potential adverse effects on essential oil content and chemical 

composition of aromatic plants as well as in medicinal plants. Based on that finding of 

researchers done in different MAPs with an aim to investigate the best drying temperature 

and its impact on quality are given below Table 1. 

 

Table 1: Effect of drying temperature on quality parameters of MAPs 

 
S

r. 

N

o. 

Crop Drying 

techniue 

Drying 

temp. 

Quality parameters References 

1. Mikania 

glomerata 

Hot 

Drying air 

 50°C Higher essential oil 

content 

(0.74 %) 

Radunz et al., 

2010 

2. Phyllanth

us 

Amarus 

Vacuum 

drying air 

40°C Retaied maximum natural 

color and the antioxidant 

capacity (IC50) 

Phong et al., 2013 

3. Zingiber 

montanu

m 

Hot drying 

air 

a

i

r 

40°C Higher curcumin (8.99 

mg/g), 

Mahayothee et al., 2020 

60°C Essential oil (9.28 ml/100 

g) 

4. Cassia 

angustifol

ia 

Forced flow 

type dryer 

40°C Higher Sennoside (2.69%) Ambrose and Naik 

(2013) 
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5. Androgra

phis 

paniculata 

Hot oven a

i

r 

65°C Andrographolide 

content (4.11%) with 

higher antibacterial 

activity 

Hathairat et al., 2023 

6. Stevia 

rebaudian

a 

Infrared 

drying 

55°C Stevioside (7.88 mg) and 

Rebaudioside A (8.58 mg) 

Huang et al, 

2021 

7. Stevia 

rebaudian

a 

Solar 

drying 

50°C Stevioside (7.86%) Amrani et al., 2018 

Oven 

drying 

Rebaudioside A (7.84%) 

8. Oscimum 

sanctunm 

Microwave 

drying 

350 W Higher retention of 

protein (3.0 %), 

carbohydrate (59.6 

%), fat (22.2%) 

Munde et al., 2018 

9. Cymbopo

gon 

citratus 

Oven 

drying 

40°C Retained appreciable 

sensory attributes 

Phumudzo 

et al., 2018                                                                                    

1

0. 

Adhatoda 

vasica 

Tray drying 40°C Maximum alkaloids 

(15.03 mg/mg), total 

antioxidant (76%), total 

phenolics 

(280.25 mg/g) 

Srinivasan and 

Sivasubramani an, 2014 

 

IV.  METHODS OF DRYING 

 

 Drying is a process of moisture removal to reduce water activity in food products, 

effectively slowing deterioration and maintaining quality. When agricultural products are 

dried while retaining active nutrients, they can be safely preserved for extended periods. This 

concentration of dry matter is achieved without compromising the food's tissue, 

wholesomeness, or physical appearance. Heat and mass transfer are involved in the drying 

process. Sun drying, a traditional method prevalent in developing countries, is cheap but 

often leads to uncontrolled drying times, contamination, and low-quality products, potentially 

causing foodborne illnesses due to the growth of toxic microrganisms. In contrast, modern 

drying systems offer better quality control but are expensive and energy-intensive (Lamidi 

et al., 2019). Various techniques can be employed to establish a water-vapor pressure 

disparity between the product and the surrounding atmosphere during the drying process. The 

objective of these methods is to either increase the water-vapor pressure of the product or 

decrease the water-vapor pressure of the air, or achieve both simultaneously. The 

predominant approaches for augmenting the water-vapor pressure of grains include (1) sun or 

solar drying (2) conduction drying and (3) infra-red drying. Conversely, to reduce the water-

vapor pressure of the surrounding air, the commonly utilized methods encompass 

 

 heated air drying  

 desiccated air drying and (3)  

 refrigerated air drying (Sahay and Singh, 1996). 

 

 Post-harvest procedures, including activities such as collecting plant material from 

the field, transportation to the farm followed various post-harvest processing activities 

including drying, are frequently associated with an elevated risk of microbial contamination 
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in MAPs if unscientific procedure is followed. The lack of proper ventilation when storing 

the harvested material can create conditions conducive to microorganism growth, as a result 

of increased temperature and humidity triggered by respiratory activity (Bottcher and 

Gunther, 1995). Interestingly, research conducted on Hypericum perforatum (commonly 

known as St. John's Wort) demonstrated that the microbial count is already considerable even 

before the harvesting process takes place (Graf et al., 2002). This indicates that the initial 

contamination might originate from sources other than post- harvest handling, potentially 

originating from the growing environment or other factors prior to harvesting. These findings 

emphasize the importance of comprehensive quality control measures throughout the entire 

MAPs production chain to ensure the safety and efficacy of medicinal products derived from 

such plants. In the lower layer of the flat-bed dryer, the microbial count exhibited no 

significant change during the drying process. Conversely, in the conveyor dryer, a notable 

decrease in bacterial count was observed, attributed to the high variability of Colony Forming 

Units (CFU). Nevertheless, it can be deduced that the microbial count in the field is already 

substantial and does not experience an increase during the drying process when employing 

'state of the art' technology. Different drying techniques are adopted and suited to dry the 

samples; accordingly, it maintains their bioactive compounds present in it. In Table 2 showed 

the different drying techniques used to dried the MAPs with maximum conservation of 

bioactive compounds.  

 

Table 2: Effect of different drying techniques in quality parameters of MAPs 

 

Sr. 

No. 

Crop Drying 

techniques 

Quality parameters References 

1. Gymnema 

sylvestre 

CPSD mixed 

modesolar 

dryer 

Higher Gymnemagenin 

(29.03 µg/ml), Flavonoid 

(2.28 mg/g) 

Nateshet al., 2021 

2. Centella 

asiatica 

Freeze drying Chlorogenic acid (4.9 

mg/g), Rutin (0.98 mg/g), 

Quercetin (0.28 mg/g), 

Antioxidant   activity   

(IC50   values of 

DPPH: 68.6 μg/ml, ABTS: 

53.37 μg/ml) 

Mohapatraet al., 

2022 

3. Ocimum 

viride 

Fluidized bed 

dryer 

Reduced moisture content 

(5.74%) on dry weight 

basis in 240 minutes with 

maintaining the best quality 

of dry 

leaves 

Parmaret al., 2017 

  Microwave- 

drying and 

oven drying 

Retained maximum 

nutrients during drying 

Danso- 

Boateng, 2013 

4. Ocimum 

basilicum 

Shade drying Higher volatile oil, methyl 

chavicol and 

chlorophyll content 

Mousa et 

al., 2008 

5. Cymbopog

an citratus 

Oven drying Maximum essential oil 

(3.05%) 

Dutta et al., 2014 
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  Shade drying Maximum Geranial 

(33.26%) 

 

  Oven-drying Maximum Geraniol 

(1.81%) 

 

6. Withania 

somnifera 

Shade drying Maximum

 withanoli

des content 

(0.049%) 

Agrawal et 

al., 2014 

7. Curcuma 

longa 

Solar tunnel 

dryer 

Retain maximum curcumin 

content 

Belay et al., 

2021 

  Shade-net 

drying 

Maximum retention of 

curcumin and 

dry recovery rate 

Lokhande 

et al., 2013 

8. Artemisia 

nilagirica 

Shade drying Highest essential oil 

(0.61%), β-pinene 

(22.29%), β-myrcene 

(0.15%) 

Anjum et 

al., 2015 

9. Cassia 

angustifoli

a 

Shade drying Maximum sennosides in 

pods (3.22%) 

and leaves (2.20%) 

Nilofer et 

al., 2021 

10. Glycyrrhiz

a uralensis 

Vacuum freeze 

drying 

Maintain maximum 

contents of total 

phenol, total flavonoid, and 

liquiritin and glycyrrhizic 

acid. 

Zhu et al., 2023 

 

V. TYPE OF DRYERS/DRYING TECHNIQUES GENERALLY USED FOR 

DRYING OF AGRICULTURAL MATERIAL 

 

1. Sun Drying: The traditional method of drying crops and grains, which has been practiced 

since the advent of agriculture, continues to be prevalent in India. A significant portion of 

harvested crops is left exposed in the field and threshing yard, undergoing sun-drying to 

achieve the desired moisture reduction. The emission of heat from the sun occurs through 

electromagnetic waves. The various forms of radiation are distinguished by the 

wavelengths of these electromagnetic waves.  

 

2. Shade Drying: This kind of drying techniques is generally practiced in those materials 

which colour is lose when exposed to direct sunlight. The source of heat in shade drying 

is sunlight but not directly exposed the materials, keep in dry and proper air circulated 

places. The herbs are dried by heated surrounding air under the low relative humidity. 

This method reduces biochemical changes occurs during the drying period such as 

oxidation but such drying techniques has the major disadvantages of a long drying 

duration (Ghasemi et al., 2013). It was reported that in shade drying oil containing 

structure of plant like trichomes of Mentha spicata L. leaves are preserved as compared to 

oven, vacuums and infrared types of drying (Mokhtarikhah et al., 2020). 

 

3. Mechanical Drying: The drying process involves the elimination of moisture from 

products through simultaneous heat and mass transfer mechanisms. Moisture is typically 

removed from wet materials by employing a medium, often drying air, to carry away the 
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water vapor. Various products, exhibiting diverse physical and chemical properties, can be 

effectively dried using heated air. The methods of heat transfer to these products are 

numerous and diverse, making it challenging to establish a comprehensive classification 

of all possible drying techniques. Nonetheless, this section outlines some fundamental 

and frequently employed drying methods. 

 

 Thin-layer Drying: The thin-layer drying process involves the near-complete 

exposure of plants to heated air, with the product thickness typically limited to a 

maximum of 15cm. This drying action can be mathematically described using 

Newton's law (equation 338) by substituting the moisture content for the temperature 

parameter. 

 

 Deep bed Drying: In deep bed dryers, the drying process occurs within a designated 

drying zone, where the layer of grains is more than 15cm in thickness. The dryer is 

designed to allow heated or drying air to enter at a specific point, initiating the drying 

of the products. As the heated air comes into contact with the bottom layer, a drying 

zone is formed, and the majority of the drying action takes place in this zone as it 

moves along the direction of the drying air. To prevent potential over drying, it is 

recommended that the thickness of the grain layer does not exceed 45cm when using a 

particular air flow rate at 43°C. The analysis of the deep bed drying method assumes 

that the deep bed is composed of multiple thin layers showed in Figure 1. In each thin 

layer, the humidity and temperature of the incoming and outgoing air change over 

time and through various drying stages. This analytical approach helps determine the 

duration of the drying process and the quantity of water vapor removed from the 

products. Additionally, any excess moisture in the dry layer may be further removed 

until it reaches the equilibrium moisture content. 

 

 
 

Figure 1: Deep bed drying techniques [Source: Sahay and Singh, 1996] 

 

 Flat-bed Dryers: Flat-bed dryers have been identified as the most economically 

advantageous drying system in terms of investment costs. In this method, the 

harvested material is accumulated to a height of 150cm on a grated floor and 

subjected to drying through the application of forced air facilitated by ventilators, 
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shown in Fig.2 (Troitzsch, 1961). In the context of decreasing drying duration, 

conventional approaches involve indirect heating of the drying air through oil or gas- 

based heating systems. Nevertheless, to prevent excessive drying of lower layers and 

the development of compaction regions, the bulk material necessitates frequent turning 

and loosening. Despite the utilization of cranes for the loading and unloading of the 

dryer, the process remains time-consuming (Maltry et al., 1975). Muller et al. (1989) 

introduced a unique solar greenhouse dryer that integrates a flat-bed dryer with a 

cost-effective construction cover made of greenhouse foil. The roof surface of this 

setup acts as a solar collector, enabling complete substitution of fossil- fuel 

requirements during the summer months, even under Central-European irradiation 

levels, as demonstrated by Muller et al. (1994). 

 

 
 

Figure 2: Flat-bed dryers [Source: Vinh and Gavino, 2011] 

 

 Conveyor Dryer: The drying process for roots, flowers, and cut herbs is primarily 

conducted using conveyor dryers equipped with three to five belts. These dryers 

facilitate a steady elevation of fresh material through a conveyor belt to the topmost 

drying belt. The bulk heights for cut roots can reach up to 5cm, while cut herbs may 

reach up to 20cm. During the turnover of the drying material from a higher belt to a 

lower belt, the material is effectively loosened and mixed. 

 

 To optimize the drying process, the airflow is adjusted individually for each 

drying belt based on the amount of water evaporation. This entails increasing the 

airflow from the bottom belt to the top belt. Similarly, the air temperature can be raised 

due to the cooling effect of evaporation, which prevents overheating in the upper belts. 

Consequently, belt dryers can operate at higher temperatures compared to batch 

dryers, increasing their drying capacity without subjecting the drying product to 

excessive temperature stress. To further enhance drying efficiency, the belt speed is 

reduced from top to bottom, allowing for better utilization of the drying surface by 

increasing the bulk height of the drying material. The implementation of 

mechanical filling, turning, and emptying processes reduces labour requirements 

when compared to flat-bed dryers. However, continuous operation necessitates 

constant control and is typically managed through a shift- operation setup. 
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Figure 3: Conveyor Dryer [Source: van't-Land, 2012] 

 

 Freeze Drying: This drying method relies on the sublimation of frozen moisture from 

a wet product positioned within a low-pressure drying chamber. Heat is introduced 

through radiation or conduction from heated trays, ensuring that the product's 

temperature remains at or below 0°C. The sublimated moisture is condensed on 

refrigerated plates within the drying chamber, with no direct contact between these 

plates and the products. 

 

 
 

Figure 4: Freeze Drying Model [Source: Weblink A] 

 

 Radiation Drying: Heat energy can be introduced to moist substances through 

electromagnetic waves, specifically in the wavelength range of 0.76 to 400 µm, 
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commonly referred to as infrared radiation. When this radiation interacts with wet 

materials, it penetrates their surface and induces molecular vibrations, generating a 

thermal effect. Due to the limited depth of penetration of infrared waves, this drying 

method is primarily employed for thin materials. The moisture migration and vapor 

diffusion within the material during this process follow the same principles as 

observed in convective or contact drying. 

 

 Fluidised Bed Drying: In this drying method, the products undergo fluidized drying 

within a dryer, where drying air is utilized to fluidize the materials by imparting a 

sufficiently high velocity to suspend them. This fluidization process facilitates 

enhanced rates of moisture migration. Given that each surface of the product comes 

into contact with the drying air, a uniform drying of the products is achieved. This 

technique finds application in the rapid drying of lightweight, high- moisture content 

materials. 

 

 
 

Figure 5: Fluidised Bed Drying [Source: Yuzgec et al., 2008] 

 

 Solar Cabinet Dryer: The most prevalent variation of this type of dryer is the solar 

cabinet dryer, illustrated in Fig 6. This dryer's fundamental design comprises an 

insulated rectangular cabinet with a glass or transparent plastic roof. Perforated 

drying trays are placed within the cabinet, and holes are present at the base and upper 

parts of the cabinet. Solar radiation penetrates the roof and is absorbed by the 

blackened interior surfaces, leading to their heating and subsequently warming the air 

inside the cabinet. The heated air ascends through natural convection and exits 

through the upper holes, while fresh air simultaneously enters through the base holes. 
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Figure 6: Solar Cabinet Dryer [Source: Weblink B] 

 

 Continuous Microwave Drying: It has been evaluated as an alternate method of 

conventional drying. Drying rate is very fast and suggests that such drying technique is 

well suited to large scale industrial drying. Various research finding showed that its 

innumerable advantages both at laboratory and at industrial production level around 

the world. This technique is use to dried the various samples including fruits, 

vegetables, grains, leafy vegetables as well as MAPs. One of the greatest advantages 

of microwave drying offers against the traditional methods is the rapid drying rate and 

also recommended that it could be gives more advantages when it use in combine 

with traditional drying methods. Uniform and rapid generation of heat over the food 

materials is very quick and this is known as volumetric heating. Heating on water is 

speedy than the heating on other components present in the food stuffs resulting 

drying rate is fast. The penetration of electromagnetic waves into food materials is 

depends on the frequency and nature of the drying materials. Deeper penetration is 

associated with lower frequency. The range of dielectric frequency absorbed by 

materials when exposed to electromagnetic waves is directly relation to the 

characteristic of the drying materials as it contributes to the distribution of dipoles in 

the materials. 

 

 
 

Figure 7: Continuous Microwave Drying [Source: AAU, Gujarat, India] 
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VI.  SOME DRYING TECHNIQUES USE IN MAPS 

 

1. Drying of Ashwagandha: Ashwagandha (Withania somnifera) belongs to the family 

Solanaceae and commonly known as “Indian Winter cherry” or “Indian Ginseng”. It is 

one of the most prominent medicinal plants used in ayurvedic Rasayana, known as 

“Sattvic Kapha Rasayana” Herb (Changhadi, 1938). Root is most economic part of the 

plant, commonly available as a churna and its fine powder can be consumed with water or 

honey or ghee. Many evidences showed that it improved the reproductive system, brain 

tonic, overall immunity of the body and also mentioned that it used in the treatment of 

diseases like arteriosclerosis, premature ageing, arthritis, diabetes, hypertension and 

malignancy (Singh, 2005). The steroidal lactones (withanolides, withaferins), alkaloids 

(isopelletierine, anaferine, cuseohygrine, anahygrine, etc.) and saponins are the main 

bioactive chemical present in ashwagandha (Mishra et al., 2000). However, the industrial 

growth of medicinal plants is hindered due to an inadequate understanding of the specific 

post-harvest handling and packaging requirements for a wide range of species and 

varieties. This shortage of knowledge results in the absence of proper cultivation 

protocols, commercialization techniques and best practices, leading to limited market 

opportunities. One key area of concern is the suboptimal management of temperature and 

humidity during the handling, distribution and marketing processes. As an herbal raw 

material utilized in the extraction of active principles for numerous commercially 

significant drugs, Withania somnifera (Ashwagandha) is susceptible to deterioration and 

reduced alkaloid content due to conventional drying methods and improper storage. 

Consequently, there is a pressing need to standardize the post-harvest drying technique 

for ashwagandha to enhance the recovery of active principles through improved post-

harvest processing. 

 

      In the context of ashwagandha root drying, it was observed that shade drying 

reduced the initial moisture content of approximately 23% to a significant extent in just 

14-15 hours, with temperatures ranging from 30-32°C. On the other hand, sun drying 

proved to be more rapid, removing around 25% of moisture in a shorter period of 6 hours, 

with temperatures ranging between 33-37°C. Notably, the moisture removal rate was 

higher in sun drying compared to shade drying. Sun drying, being the conventional 

approach, is relatively uncomplicated but is influenced by weather conditions, demanding 

more time and manual labour. Consequently, it remains a widely adopted drying method 

among cultivators and traders of medicinal herbs. Additionally, cabinet drying 

demonstrated even faster moisture removal capabilities, where about 49% of moisture 

could be eliminated within a mere 3.25 hours, with air velocities of 1.4-1.6 m/s. 

Similarly, with increased air velocities of 1.8-2.0 m/s, cabinet drying removed 

approximately 52% of moisture in the same time frame. Remarkably, cabinet drying also 

exhibited higher temperatures, ranging from 52-61°C, surpassing those observed in shade 

and sun drying processes. The lightness values of the shade, sun, and cabinet dried 

ashwagandha samples were found to be relatively similar. The Hunter Lab colour values 

for lightness ranged from 61.42 to 69.19, while the green to blue values varied from 

12.27 to 14.05. Moreover, the drying temperature had a notable impact on withanolides 

content in dried ashwagandha. Shade drying resulted in the maximum withanolides 

content, while cabinet drying with an air velocity of 1.8 - 2.0 m/s lead to the lowest 

withanolides content. Combined convective-microwave drying of ashwagandha roots was 

observed to be more rapid compared to traditional sun drying. The drying data under 
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convective-microwave conditions aligned best with the Page model and highly significant 

effects of process parameters on rehydration ratio and total alkaloids content were 

observed. 

 

 
 

2. Drying of Senna: In traditional medicine senna is very famous for its tremendous 

therapeutic use in laxative and skin diseases. The plant is belonging to the Fabaceae 

family and botanically known as Senna alexandrina Mill. Its contents terpenoids, 

alkaloids, gylcosides, saponins, steroids, flavonoids, anthraquinones, polyphenol and 

anthrones etc. (Hennebelle et al., 2009). It has been revealed that various medicinal 

properties of antimalarial, antidiabetic, antimicrobial, antioxidant, anti-inflammatory, 

analgesic, antitumor, antinociceptive and anticancer (Ibrahim and Islam, 2014). 

Sennoside A and sennoside B are the two main glycosides responsible for laxative 

property whereas sennosides C and D have also been reported presence in plant. Apart 

from the leaves and pods also contains medicinal value. After harvesting, leaves should 

be dry in a proper manner to maintain the quality and colour texture. Drying under the sun 

or shade took long 6-7 days which results in microbial contamination and inferior in 

quality (Sharma, 2004). Huge amount of heat is generated during drying due to the thick 

layer which directly impact on colour and sennosides content. Moreover, avoids delay 

drying, should be proceed for drying just after harvesting as early as possible. However, 

Nilofer et al., 2021 revealed that 100% shade drying retained maximum sennosides 
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content in leaves (2.20 %) and pods (3.22%) as compared to 50% shade drying and sun 

drying. It was also highlighted that senna leaves directly exposed to sun light causes loss 

of quality, colour and contamination of the produce due to the high intensity of UV 

(Ertekin and Yaldiz, 2004). Further it was mentioned that diurnal variation of temperature 

in sun drying results in the loss of sennosides content (Pratibha et al., 2018). There are 

number of research findings showed that mechanical dryers have more advantages than 

conventional sun and shade drying techniques. The ICAR-CRIDA developed a dryer 

(CRIDA- Dryer) operated at 50°C showed that higher sennoside and chlorophyll content 

in leaves (3.6% & 2.5%) and leaves plus stems (3.2% & 2.3%) over other methods like 

open air and shade drying (Pratibha et al., 2018). Senna leaves dry under the forced flow 

dryer having the 2 HP motor blower and 6 kW electric heaters chamber operated at 

temperature 45°C retained significantly maximum sennoside content (2.68%) than 40°C 

(2.44%) and shade drying (2.20%) (Ambrose and Naik, 2013). This discrepancy is 

attributed to the formation of heat within the layers during the slow drying process in 

shade drying, which adversely affects the final product's quality. Improper and delayed 

drying further leads to undesirable changes in leaf color, turning it black, consequently 

reducing its market value (Prabu, 2006). The highest sennosides content was observed in 

leaves (1.28%) and pods (3.21%) dried at 50°C and 40°C in oven dryer respectively and 

comparatively it was 16.3 and 61.2 % of sennosides content increased over the shade 

drying (Kumar et al., 2023). 
                               

 

 

 
 

3. Drying of Jivanti: Leptadenia reticulata (Retz.) Wight. and Arn. belongs to the family 

Asclepiadaceae is a climber, commonly known as Jivanti, Swarnjivanti or Dodi. Jivanti 

specially improves the metabolism, digestive system and enhance the health status of the 

body (Bawra et al., 2010) and considered to be a rasayana which included among the 10 

drugs constituting the „Jvaniya gana‟ and „Vitalizong group‟ (Sivaranjan and Indira, 

1994). The whole plant contains acetyl alcohol, ß-sitosterol, ß-amyrin, lupanol 3-O 
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diglucoside, leptidine, saponin, flavanoid, luteolin, diosmintin and tannin (Sonara et al., 

2013). Leaves contain two resins also contain bitter neutral principal, albminous and 

colouring matter, Ca-oxalate glucose, carbohydrate and tartaric acid (Srivastav et al., 

1995). Previously reported chemical constitute of L. reticulata also includes α amyrin, 

hentriacontanol (Krishna et al., 1975), ferulic acid, rutin, stigmasterol, a triterpene 

alcohol simiarenol (Subramanium and Lakshmanan, 1977) and apigenin (Sastry et al., 

1985). 

 

      Moreover, pregnane glycosides reticulatin, deniculatin and leptacultin have also 

been isolated from the aerial parts (Srivastav et al., 1995). The research of drying 

techniques on this crop is very limited and it becomes a new emerging post-harvest 

processes with aim to conserve the medicinal value and longer storage without 

deterioration as well. A study was conducted on jivanti using different drying techniques 

to find out the best suitable drying practices. Among the different drying technique, 

comparatively higher phytosterols content (campesterol, stigmasterol and β- sitosterol) 

with its proximate biochemical parameters including macro and micro nutrients was 

observed in vacuum drying Notably, the leaves of the jivanti plant exhibited the highest 

nutritional content with better quality than stem and root. (Patel et al., 2022). The shade 

dried of aerial plant parts of Leptadenia pyrotechnica (Forssk.) Decne. revealed that the 

highest concentration of caffeic acid (3.31%) was observed followed by vanillin (0.18%), 

vanillic acid (0.06%), ferulic acid (0.05%) and cinnamic acid (0.04%) (Preet and Gupta, 

2018).The findings of this study open up opportunities for enhancing the utilization of 

this herb in food preparations, not only in the field of medicine but also in household 

food preparation. Moreover, the results can serve as a valuable reference for future 

research concerning the dietary intake of this herb. 
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4. Drying of Ocimum Species: The genus Ocimum comprised of more than 150 species 

and it is very popular for its fragrance and medicinal values in nutraceutical and 

pharmaceutical industries. In India it is commonly known as „Tulsi‟ and in Ayurveda, 

known as “The Incomparable One,” 

 

      “Mother Medicine of Nature” and “The Queen of Herbs,” and is revered as an 

“elixir of life” (Singh et al., 2010). The essential oil extracted from various part including 

leaves, stems, inflorescences, seeds and root contributed significant medicinal properties 

of tulsi (Khare, 2007). Besides these, it has a good scope in cosmetic and food industries. 

It‟s used in the treatment of cough, cold, bronchitis, stomach disorders, malaria, 

inflammation and stress and anxiety from an ancient time. The eugenol is the main 

chemical constituents of Ocimum sanctum, scared holy basil growing in India and consist 

of 0.2-0.3 % essential oil harvested at full bloom stage (90 days crop); the chemical 

constituents of oil includes the eugenol (53.53 %), methyl eugenol (1.14 %), β- elemene 

(18.46 %) and β-Caryophyllene (19.26 %) (Maheshwari, 1995). The major bioactive 

compounds present in essential oil of Indian sweet basil, Ocimum basilicum and clove 

basil (Ocimum gratissium) showed 47.99% linalool and 85.82% eugenol, respectively 

(Amarjeet et al., 2020). Drying of leaves is generally practiced for dry herbage products 

and even for essential oil extraction process partially shade drying is practiced. Ocimum 

sanctum dried under microwave oven power at 350W exhibited higher carbohydrate 

(59.6%), protein (3.0%) and ash (15.6%) than the power operated at 70 and 500W. There 

was no different in moisture content among the microwave oven drying techniques 

(Munde et al., 2018). The maximum ascorbic acid was found in sun drying (207.45 

mg/100g) followed by tray drying at 45°C (206.28 mg/100g) whereas total phenol 

(174.91 mg/100g) and total anti-oxidant (197.47 mg/100g) was recorded significantly 

maximum retention in microwave drying in Ocimum basilicum (Sharma et al., 2018). It 

was further suggested that microwave drying dried the basil leaves within the very short 

period of time (7 min 30 sec) without compromising quality. Beside these, some of the 

researchers also focus eco- friendly renewable energy drying technique such as low-cost 

solar dryer which could be used in drying of various MAPs and it could be easily effort 

by poor farmers. In this line, an experiment was conducted by comparing the shade 

drying, sun drying and indirect solar drying techniques in sweet basil (Al-Hamdani et al., 

2022). Inside the drying chamber the 30-50°C temperature and 21- 95% relative humidity 

was maintained. There was negatively correlated in colour changes with drying duration, 

however the rate of colour deterioration in solar dryer was less as compared to other 

drying method. The developed solar dryer showed maximum retention of chlorophyll 

with water activity of 0.63% and increased total phenol content (1705 mg/100g DM) and 

antioxidant capacity (0.67 µmol/g DM) in dried product. Microwave-drying and oven 

drying were found the best drying techniques in Ocimum viride for preserving most 

nutrients compared to the fresh herb, whereas substantial losses in basil leave nutritional 

values was obtained in ambient-air-drying, hot- air-drying, and sun-drying (Danso-

Boateng, 2013). Blanching is a technique use to inactivate the oxidative enzyme activities 

usually applied prior to drying or storage which can preserve the colour and quality for 

longer duration. It can fasten the drying process due to the softening of materials. 

 

      Blanching of Ocimum sanctum leaves at 97°C for 1.5 minutes resulted in 

minimum shrinkage (66%) with the minimum drying time of 45 min. in hot air dryer as 

compared to control (shrinkage: 76.25% and drying time: 100 min.). However, maximum 
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rehydration ratio (3.83) was found in the samples of 30-minutes ultrasonic plus blanching 

pre-treatment (Khamon and Jongyingcharoen, 2019). 

 

 
 

 
 

5. Drying of Lemon Srass: Cymbopogon citratus is belongs to the family Poaceae and 

have strong lemony fragrance due to presence of high content of aldehyde citral, which is 

occurs in two isomers as citral a (Geranial) and citral b (Neral) (Shahi et al., 2005). This 

aromatic grass is popularly use in tea because of its lemon flavour and it is a good source 

of anti-oxidant, anti-microbial and anti- fungal activities (Matasyoh et al., 2011). In folk 

medicine lemon grass is used for the treatment of nervous and gastrointestinal disorders 

as well as an analgesic, anti-inflammatory, anti-pyretic, antispasmodic (Lodhi et al., 

2014). Literature revealed that drying techniques effects on its essential oil content and its 

quality (Shanjani et al., 2010). Beside the major content (Citral) of lemon grass essential 

oil, consists of small amount of geraniol, geranyl acetate, limonene and myrcene (Weiss, 

1977). Omidbaigi et al., 2004 showed that amount of essential oil losses during drying 

was 68%, 10% and 34.3% respectively under sun drying, shade drying and oven drying. 

Further it was identified that alters in the proportion of chemotypes present in its essential 

oil. The highest essential oil content (2.34%) on dry weight basis was observed under 

oven drying at 45°C. Whereas, there was no significant differences in oil content in 

sunshine (2.10%) and shade drying (2.12). The geranial (31.53%, 39.86% and 37.24%), 

neral (30.08%, 34.52% and 31.28%) and myrcene (16.61%, 14.49% and 15.42%) were 

identified as major chemical compounds present in oils extracted from lemongrass leaves 
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dried under sun, shade and oven drying, respectively. (Mohamed Hanaa et al., 2012). 

However, microwave drying (50W) techniques showed less drying duration (0.9 hour) as 

compared to sun drying (10 hours), solar drying (8 hours), oven drying at 40°C (15 

hours), 50°C (8 hours) and 60°C (6 hours). Significant amount of moisture was reduced 

in the samples dried under microwave and sun drying (3.3%) (Phumudzo et al., 2018). 

Meanwhile, an important parameter of dried product is the appearance of colour show the 

consumer acceptability view (Inchuen et al., 2010) and which is directly proportional to 

drying temperature and duration. With an increased in temperature there was decrease in 

value of brightness (L*) as drying of temperature at 40, 50 and 60°C by oven drying had 

50.22, 43.74 and 39.62 respectively in dried samples of lemon grass leaves. Moreover, 

the maximum positive greenness value (a*) was found in microwave drying (1.44) this 

indicated that negative impact on colour and destroying of colour related compounds 

during drying; other drying methods (sun, solar and oven) showed negative a* value 

(Phumudzo et al., 2018). An air velocity is also one of the important factors that effects 

on reduction of moisture content and quality. Mujaffarr and John (2018) recommended 

that lemon grass leaves drying at 50°C with an air velocity of 1 m/s gave maximum 

quality attributes in dried samples and no further improvement was observed with an 

increase in an air velocity up to 2 m/s. 
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